yanshanensis, isolated from the rhizosphere of soybean in China (Wang et al., 2009) , and Niabella tibetensis, isolated from the surface layer of desert soil (Dai et al., 2011) .
Based on environmental 16S rRNA gene sequence analysis, a Niabella sp. was also determined as one of six bacterial species co-colonizing bladders of medical leeches (Hirudo verbana) (Kikuchi et al., 2009) . The other five determined species belonged to the classes Alphaproteobacteria (Ochrobactrum symbiont), Betaproteobacteria and Deltaproteobacteria (Bdellovibrio symbiont) and another representative of the phylum Bacteroidetes (Sphingobacterium symbionts). Niabellarelated cloned 16S rRNA gene sequences represented 2.4 and 18.7 % of 16S rRNA gene clone libraries generated from the bladders of two different leeches. Fluorescence in situ hybridizations showed that Niabella-related cells were located close to epithelial cells in the bladder volume and can be transferred from parent leeches to the next generation. In contrast to other bladder bacteria, Niabella cells were only detected in two or three of the four bladders of a leech, and only in some leeches of a leech population (Kikuchi et al., 2009) . The function of species of the genus Niabella in leech bladders is still unclear. So far, no representative strains have been cultured from this habitat, to the best of our knowledge.
During routine analysis of leeches from a leech-breeding farm in Biebertal, Germany, we isolated two strains, E96 T 
and E90
T , which were affiliated to the genus Niabella (based on 16S rRNA gene sequence analysis). Leeches were shaken in 5 ml autoclaved 0.9% NaCl (w/v) NaCl solution, from which a 10-fold dilution series was prepared in 0.9% NaCl, and 100 ml of each dilution was plated on R2A agar (Oxoid) and incubated for 48 h at 25 u C in the dark. The strains were isolated on 15 October 2009 from 10 22 dilutions originating from two different leeches of the same age. Strains were purified and maintained on R2A agar at 25 u C (well grown after 2 days of incubation). Gram staining of cells grown for 48 h on R2A was performed according to the modified Hucker method as described by Gerhardt et al. (1994) . Cell morphology was determined using a Zeiss light microscope at 61000 magnification. Catalase activity was tested by bubble formation after covering a colony with 3 % H 2 O 2 . Cytochrome oxidase activity was determined with a Microbiology Bactident oxidase test (Merck). Urease activity was tested on urea agar base (Merck) according to the instructions of the manufacturer. Growth on the following media was monitored over a period of 21 days at 28 u C: R2A, Caso agar (Carl Roth), tryptic soy agar (TSA; Becton Dickinson), nutrient broth (NB; Oxoid), nutrient agar (NA; Becton Dickinson), PYE (0.3 % yeast extract and 0.3% caseinpeptone and 15 agar l 21 , pH 7.2), DEV agar (Merck), K7 [0.1 % (w/v) yeast extract, peptone and glucose, 15 g agar l
21
, pH 7.2], Luria Bertani broth (LB; Sigma-Aldrich), malt agar, glycine arginine agar and marine agar 2216 (Becton Dickinson). Salinity-and pH-dependent growth was tested in tryptic soy bouillon (TSB; Becton Dickinson) at 28 u C; growth at pH 4.5-12.5 and 1-12 % NaCl (w/v) was tested.
Temperature-dependent growth was tested on NA; growth at 4, 10, 15, 20, 25, 28, 30, 36, 45 and 50 u C was examined. Results are listed in the species descriptions.
Genomic DNA for genotypic analysis was extracted as described by Pitcher et al. (1989) . For phylogenetic analysis based on nearly full-length 16S rRNA gene sequences, universal primers 27F (59-GAGTTTGATCMTGGCTCAG-39) and 1492R (59-TACCTTGTTACGACTT-39) (Lane, 1991) were used for PCR amplification and subsequent sequencing of purified PCR products using the dideoxy method. Sequences were added and corrected manually based on electrophoregrams using MEGA version 5.05 (Tamura et al., 2011) . Phylogenetic analysis was performed in ARB release 5.2 (Ludwig et al., 2004) using the All-Species Living Tree Project (LTP; Yarza et al., 2008) database release LTPs108 (August 2011). Sequences not included in the LTP database were aligned with the SINA online tool version 1.2.9 and implemented in the LTP database. The alignment used for the final analysis was checked manually based on secondary structure information. Pairwise sequence similarities were calculated in ARB using the ARB neighbour-joining tool without an evolutionary substitution model. Phylogenetic trees were reconstructed with the maximum-likelihood method using RAxML version 7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis and the neighbour-joining method (ARB neighbour-joining) using the Jukes-Cantor correction (Jukes & Cantor, 1969) . Phylogenetic trees were calculated with 100 resamplings (bootstrap analysis; Felsenstein, 1985) and based on 16S rRNA gene sequences between sequence positions 97 and 1428 (according to the Escherichia coli numbering; Brosius et al., 1978 T and E90 T shared 98.1 % 16S rRNA gene sequence similarity and showed 94.4-95.7 and 94.7-95.8 % sequence similarity to type strains of species of the genus Niabella, respectively, with N. aurantiaca as the most closely related species. Phylogenetic trees (independent of the treeing method) clearly showed the position of the two novel strains within the monophyletic cluster of the genus Niabella, clustering together with the type strain of the type species N. aurantiaca (Fig. 1) . Pairwise sequence similarities to environmental clone sequences from leech bladders were only 93.7 and 93.8 % for strains E96
T and E90 T , respectively. Together with their position in phylogenetic trees, it is obvious that the environmental 16S rRNA gene sequences may represent another novel species of the genus Niabella.
For genotypic differentiation, strains E96
T and E90 T were compared with each other and with the most closely related type strains, N. aurantiaca CIP 109580 T and N. tibetensis NRRL B-59394 T , using six DNA fingerprint methods, three repetitive element primed (rep)-PCRs, ERIC-, BOX-and (GTG) 5 -PCR, and three different randomly amplified polymorphic DNA (RAPD) PCRs. All PCRs were carried out in a total volume of 15 ml including 60 ng genomic DNA, 16 DreamTaq Buffer, 200 mM each dNTP, 1.0 mM each primer and 0.8 U DreamTaq DNA polymerase. ERIC-PCR was performed with primers ERIC1R (59-ATGTAAGCTCCTGGGGATTCA-39) and ERIC2 (59-AAGTAAGTGACTGGGGTGAGC-39) (Versalovic et al., 1991) , BOX-PCR with primer BOXA1R (59-CTA-CGGCAAGGCGACGCTGACG-39) and (GTG) 5 -PCR with primer (GTG) 5 (59-GTGGTGGTGGTGGTG-39) (both from Versalovic et al., 1994) . PCR conditions were as follows: 95 u C for 3 min followed by 30 cycles of 94 u C for 30 s, 53 u C for 1 min and 70 u C for 8 min (ERIC-and BOX-PCR) or 3 min [(GTG) 5 -PCR] and finally 70 u C for 16 min. RAPD-PCR was performed with primers A (59-CTGGCGGCTTG-39), B (59-ATCTGGCAGC-39) and C (59-GGTCAGTAGC-39), all from Ziemke et al. (1997) . PCR conditions were 95 u C for 3 min followed by 45 cycles of 95 u C for 15 s, 34 u C for 1 min and 72 u C for 2 min and finally 72 u C for 10 min. PCR products were separated by electrophoresis on 1.5 % agarose gels in 16 TBE buffer for 2.5 h at 5.1 V cm 21 , stained with ethidium bromide and documented in a Fluor-S MultiImager (Bio-Rad). All six DNA fingerprinting methods showed significant differences in the fingerprint patterns of strains E96
T and E90 T and the two most closely related type strains, N. aurantiaca CIP 109580 T and N. tibetensis NRRL B-59394 T , indicating strong genomic differences between the four investigated strains (Fig. 2 ).
For more detailed comparison of the genomic relatedness of strains E96
T and E90 T and the most closely related type strains, DNA-DNA hybridization experiments were performed as described by Ziemke et al. (1998) . Hybridization of strains E96
T and E90 T showed only 39.1 % (reciprocal 28.0 %) relatedness. Hybridization values to N. aurantiaca CIP 109580 T and N. tibetensis NRRL B-59394 T were even lower: 11.5 % (reciprocal 19.7 %) and 1.2 % (reciprocal 16.2 %) for strain E96 T and 41.1 % (reciprocal 25.0 %) and 9.2 % (reciprocal 11.0 %) for strain E90 T , respectively.
Based on the results of the genotypic analysis, more detailed characterization using chemotaxonomic and phenotypic analysis was performed.
For quinone analyses, strains E96 T and E90 T were grown for 48 h in shaken flasks in TSB at 180 r.p.m. at 28 u C. The harvested cells were lyophilized and used for further analyses. Respiratory quinones were extracted as described by Collins et al. (1979) and analysed by HPLC (Groth et al., 1996) . Both strains contained the menaquinone MK-7, as found in all menaquinone studies performed on genera of the family Chitinophagaceae of class Sphingobacteria.
None of the previously described species of the genus Niabella were investigated for polar lipid content. Strains E96 T and E90 T were investigated for their polar lipid content; the same dried biomass was used as for menaquinone analysis. Polar lipids extracted by the method of Minnikin et al. (1979) were identified by two-dimensional TLC as described by Collins & Jones (1980) . Strains E96 T and E90
T are clearly differentiated by their polar lipid profiles: strain E96
T exhibited a more complex profile than E90 T (Fig. 3) . Both strains contained the predominant polar lipid phosphatidylethanolamine, as found in many genera of the phylum Bacteroidetes (Kämpfer et al., 2012). Additionally, E90
T contained hydroxyphosphatidylethanolamine, traces of an unknown aminolipid and two unknown lipids, L1 and L2, which were only stained by molybdatophosphoric acid and not by the differentiating spray reagents a-naphthol, ninhydrin or molybdenum blue. In contrast to this, hydroxyphosphatidylethanolamine was not found in strain E96
T , but phosphatidylserine, two unknown aminophospholipids, three unknown aminolipids and four unknown lipids were observed.
Biomass for fatty acid analysis was harvested from cells of the same growth phase from cultures grown on TSA at 25 u C for 48 h. Strains E96
T and E90 T , N. aurantiaca CIP 109580 T and N. tibetensis NRRL B-59394 T were investigated in parallel. Extraction and analysis of fatty acids were performed as described by Kämpfer & Kroppenstedt (1996) . The fatty acid profiles of strains E96
T and E90
T comprised mainly iso-C 15 : 0 (52.4 and 40.8 %), iso- Two novel species of Niabella from medicinal leeches (16.6 and 20.5 %) and iso-C 17 : 0 3-OH (9.7 and 9.2 %), which is characteristic of the genus Niabella (Table 1) . Strain E90 T can be differentiated from E96 T , N. aurantiaca CIP 109580 T and N. tibetensis NRRL B-59394 T by the absence of iso-C 15 : 0 3-OH (3.5-3.8 % of the total fatty acids in the other investigated strains) and the presence of C 15 : 0 3-OH (3.2 %), not detected in the other strains.
Detailed phenotypic characterization of E90
T and E96 T and the two most closely related type strains was carried out using physiological tests (Kämpfer et al., 1991) . Differentiating phenotypic properties are given in Table 2 and the phenotypic characteristics of strains E96
T are listed in the species descriptions.
Based on phenotypic, chemotaxonomic and genotypic characterization, strains E96 T and E90 T can be clearly distinguished from the most closely related type strains of the genus Niabella and from each other. Therefore, two novel species of the genus Niabella are proposed, Niabella hirudinis sp. nov. and Niabella drilacis sp. nov., with strains E96 T and E90 T as the respective type strains.
Description of Niabella hirudinis sp. nov.
Niabella hirudinis (hi.ru9di.nis. L. gen. n. hirudinis of a leech).
Cells are Gram-staining-negative, small rods, approximately 0.6 -0.8 6 1.1 -1.3 mm in size. Colonies grown for 48 h on R2A at 25 u C are dark orange to brownish (3-4 mm in diameter) with a smooth border and a domed surface. Cells are negative for catalase activity, positive for cytochrome oxidase activity and produce flexirubin pigment. Growth occurs at 20-30 u C, with slight growth at 15 u C, but not at 10 or 36 u C, in the presence of 0-4 % NaCl (w/v), but not with 5 % NaCl, and at pH 4.5-8.5, with slight growth at pH 9.5 and 10.5 but no growth at pH 11.5 or above. Growth occurs on the following media: R2A, Caso, TSA, NB, NA, PYE, DEV, K7 and LB agars; weak growth is visible on malt, glycine-arginine and marine agars. Cells are positive for the hydrolysis of aesculin. Acid is produced from a-D-glucose, but not from lactose, sucrose No assimilation of a-D-glucose, maltose, myo-inositol, Dmannitol, D-sorbitol, putrescine, cis-or trans-aconitate, adipate, 4-aminobutyrate, azelic acid, citrate, itaconate, DLlactate, L-malate, mesaconate, 2-oxoglutarate, pyruvate,
bis-pNP phosphate, pNP phenylphosphonate, pNP phosphorylcholine, 2-deoxythymidine-5-pNP phosphate, L-alanine pnitroanilide (pNA) and L-glutamate c-carboxy-pNA is positive, but no hydrolysis of L-proline pNA is detected. Contains the respiratory quinone MK-7 and the polar lipids phosphatidylethanolamine, phosphatidylserine, three aminolipids, four lipids and two aminophospholipids. Major fatty acids are iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH).
The type strain is E96 
